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Video-based visual feedback to




Motor learning is fundamental to the in-
dividual development process and is pos-
sible at all ages (Voelcker-Rehage, 2008);
nevertheless, the prepubertal phase, and
therefore the school period, is considered
particularly suitable for introducing mo-
tor learning processes (Hirtz & Starosta,
2002). Due to this fundamental impor-
tance, the question of how movements
are learned has been the subject of nu-
merous scientific investigations and has
led to various theories.
However, few studies have investi-
gated the effectiveness of visual feedback
using videos in physical education in
school settings, which comprise more
heterogeneous target groups in terms
of performance and motivation than
voluntary settings like extracurricular
sports activities. Nevertheless, as effec-
tive movement learning supported by
visual feedback ismeaningful forphysical
education, related systematic guidance
for teachers to provide such feedback is
needed. For these reasons it is important
to investigate whether visual feedback
using videos is suitable for daily use in
physical education classes and which
methodological approach is the most
effective regarding motor learning.
Theoretical background and
state of research
In their general orientation motor ap-
proaches are to be distinguished from
action approaches (for an overview see
Birklbauer, 2006). The approach that
shaped the scientific discussion in the
second half of the 20th century was the
motor approach (Wewetzer, 2008). The
motor approach is usually basedonan in-
formation-theoretical approach. Motion
representations are stored centrally and
can be retrieved on demand (Schmidt,
1975). The learning process focuses on
the reinforcement and parameterization
of movement representations. A techni-
cal model gives orientation, and visual
or verbal feedback helps to reduce errors
(Wewetzer, 2008).
For the initiation of motor learn-
ing processes, feedback as information
“relating to successful and incorrect as-
pects of movements already performed”
(Olivier & Rockmann, 2003, p. 184) is an
essential influencing factor in addition to
observation exercises, self-directed prac-
tice, and conscious control of attention
(Wulf, Shea, & Lewthwaite, 2010). Since
the information is not obtained from the
learner themselves, but is fed back from
external sources, it is extrinsic in nature.
Extrinsic information is conveyed via
different motor learning tasks, which
differ in terms of their objectives (mod-
eling, movement topology or parameter
learning) and the amount of informa-
tion needed regarding what is to be
learned (modeling>movement topol-
ogy> parameter learning). Modeling
focuses on spatial kinematic movement
characteristics and the relative dura-
tion of partial movements. In teaching
a movement topology, information re-
garding the movement goal (criterion
value information) and how this can
be achieved on the basis of the current
execution (correcting information) is
primarily used. Parameter learning, on
the other hand, focuses on information
that provides information about the
current execution (actual value infor-
mation) and the deviation from an ideal
performance (discrepancy information)
(Blischke, Marschall, Müller, & Daugs,
1999). Newell (1991) also discusses
transitional information, which is in-
formation about the “what” and “how”
of the movement, when the learner is
aware of the current and target state, but
is not able to improve his or her own
performance (Blischke et al., 1999).
However, feedback unfolds its effect
only in interactionwithotherparameters.
The way the information is processed,
the timing of the feedback process, and
the frequency of feedback are important
and partially influence each other. The
amount of information to be conveyed
subsequently affects the timing of feed-
back. Inmodeling, the timebetween trial
and feedback information should not ex-
ceed 45s (parameter learning≤15s), and
the new trial should be carried outwithin
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Table 1 Categories and keywords for the literature search
Category Keywords
Task—what? Feedback, modeling, motor learning
Modality—how? Video*, tablet*, videotape*, mobile device*, video analysis, handheld
device*, observation
Setting—where? Physical education, school sport*, gymnastic education, gymnastic in-
struction, elementary school, primary school, secondary school, middle
school, high school
Population—who? Sport* teacher, gym teacher, PE teacher, physical education teacher,
student*, pupil*, children*
Asterisks also include the plural
the subsequent 120 s (parameter learning
≤20s). In this context, a relative feed-
back frequency of 25% distributed over
the learning process seems to be suf-
ficient to implement learning processes
without loss compared to a higher feed-
back frequency (Blischke et al., 1999;
Marschall, Bund,&Wiemeyer, 2007) and
to prevent guidance at the same time
(Schmidt, 1991). In modeling, addi-
tional corrective information (Kernodle
& Carlton, 1992), repeated observation
(3–5 times), or preferably, a slow mo-
tion sequence (≤25% of normal speed),
as well as pictures (semi-abstract line
drawings) support the learning process
(Blischke et al., 1999). To teach a basic
movement structure, short, precise ver-
bal cues (about 20 words) and easy-to-
understand combinations of text andpic-
ture (picture above text, read from left to
right) are helpful. Zetou, Kourtesis, Get-
siou, Michalapoulou, and Kioumourt-
zoglou (2009) also point out that verbal
cuesmustbe linguisticallyappropriate for
the age group. If only a partialmovement
is to be improved, it is recommended to
limit the feedback process to one param-
eter (Blischke et al., 1999).
Although auditory, haptic, and visual
feedbackoffer a varietyofways toprovide
feedback (Sigrist, Rauter, Riener, &Wolf,
2013) digitization has recently increased
the focusonvisual feedbackmethods that
use digital devices with applications for
video analysis, such as Coach’s Eye, the
Hudl Technique, or Dartfish, to support
the learning process (Kok, Komen, van
Capelleveen, & van der Kamp, 2020; Ko-
rban & Künzell, 2019; Ste-Marie, Vertes,
Rymal, & Martini, 2011). The combi-
nation of visual feedback methods and
digital devices made complex visualiza-
tion techniques practical and versatile, as
well as accessible to new audiences such
asphysical education teachers or amateur
coaches.
In their characteristics of following
a technique model and trying to mini-
mize errors through repeated externally
organizedpracticewithrespecttoanideal
movement, visual feedback methods fol-
lowingBandura andWalters (1977) show
pronounced intersectionswithprinciples
of motor approaches and thus cognitive
learning theories.
Visual feedback in motor learning in
generalhasbeen thoroughly investigated.
As a form of augmented feedback (Swin-
nen, 1996) visual feedback overcomes
problems associated with visual percep-
tion, sensory information (auditory, tac-
tile, or proprioceptive), and the temporal
availability of task-intrinsic feedback.
Several studies indicate that visual
feedback may be effective and enhance
motor learning in sport settings (Clark
& Ste-Marie, 2007; Rhoads, Da Matta,
Larson, & Pulos, 2014), although not
all research findings support this view
(Emmen, Wesseling, Bootsma, Whiting,
& van Wieringen, 1985; Rothstein &
Arnold, 1976).
Particularly as a component of multi-
modal feedback, visual feedback seems to
offer fruitful opportunities (Sigrist et al.,
2013). With regard to the cognitive
processing of information, one might
use the multimodal memory model of
Engelkamp (1998). According to this
model, the same perceptions recorded
via different sensors result in a more
intensive processing and storage of in-
formation (Engelkamp, 1998; Hoffmann
& Engelkamp, 2013). This does not
contradict the findings of some studies
that attribute an even greater potential to
visual feedback than to verbal feedback
(Rhoads et al., 2014). Due to their better
distinctiveness, pictures are supposedly
better remembered than words (Hoff-
mann & Engelkamp, 2013). However,
opinions differ regarding the advantages
of visual over verbal feedback (Kernodle,
Johnson, & Arnold, 2001).
There is an ongoing discussion about
the most effective method of providing
visual feedback. However, the effective-
ness of a feedback method as initiat-
ing, improving, and maintaining learn-
ing progress depends on many influenc-
ing factors (Rhoads et al., 2014; Sigrist
et al., 2013). For instance, different visual
feedback methods differ among other
things in the way the information is pro-
vided (pictures or video), in the origin of
the information(ownorothers’ presenta-
tion), aswell as in the evaluationof the in-
formation (by experts or self-organized).
Visual feedback can be achieved through
self-modeling, by the practitioner analyz-
ing their own movement executions, as
well as through expert modeling, inwhich
a video of an ideal movement execution
is used to provide information. Some-
times a combination of both is used to
superimpose themodelon themovement
execution (Korban&Künzell, 2019). De-
spite evidence that different visualization
methods can be effective for self-model-
ing (Kelley&Miltenberger, 2016), expert
modeling (Arbabi & Sarabandi, 2016),
and using both methods simultaneously
(Baudry, Leroy, &Chollet, 2006), reliable
statements about a preferred method are
difficult to make as they have rarely been
compared directly.
The state of the research shows that
there is evidence of the effective use of
visual feedback in a number of research
settings. In addition to sport settings
(Guadagnoli, Holcomb, & Davis, 2002;
Kelley & Miltenberger, 2016; Ste-Marie
et al., 2011), positive examples can be
found in school settings (Hitchcock,
Dowrick, & Prater, 2003; Prater, Carter,
Hitchcock, & Dowrick, 2012) or in
mixed settings (Dowrick, 1999), includ-
ing some with people with disabilities
(Bellini & Akullian, 2007). The entirety
of these findings suggests a positive po-
tential for physical education in schools,
but very few studies have addressed the
specific needs and conditions of physical
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education; yet, a consideration of these
specific needs and conditions is essential
for physical education teachers in rela-
tion to making motor learning effective
and suitable for everyday use.
This is also illustrated by data from
the Organisation for Economic Co-op-
eration and Development (OECD; 2020)
whichshowsanaverage class sizeof21 for
elementary schools and 23 for secondary
schools. As physical education is a com-
pulsory subject in schools inmany coun-
tries, including Germany (Ministerium
für Kultus, 2016), all students, regardless
of their interests or inclinations, partic-
ipate in the lessons, which, in addition
to limited time resources, has an im-
pact on learners’ heterogeneity as well
as their motivation. For example, many
sports studies have relied on voluntary
participation (Baudry et al., 2006), which
is usually motivated by particular inten-
tions that cannot be taken for granted in
schools, despite motivation being an im-
portant factor in enhancingmotor learn-
ing (Wulf & Lewthwaite, 2016). Schools
usually do not have access to elaborate,
time-consuming video editing technol-
ogy (Ste-Marie et al., 2011). Further-
more, small groups (Boyer, Miltenberger,
Batsche,&Fogel, 2009), consistentlyhigh
performance levels (Baudry et al., 2006)
and high intrinsicmotivation only reflect
the reality in schools to a limited extent.
As a systematic investigation of vi-
sually assisted video-based feedback in
physical educationhasbeen lacking in re-
search so far, this systematic review aims
to summarize the research and answer
questions regarding the general suitabil-
ity of visual feedback, the best choice of
methods (expert modeling and/or self-
modeling), and the comparability of cir-
cumstances for daily use in physical ed-
ucation.
The following research questionswere
deemedparticularlyimportantforassess-
ing the effectiveness of different visual
video-based feedback methods, as well
as the comparability of different settings:
1. Is video-based visual feedback effec-
tive to enhance motor learning in
physical education?
2. Is video-based visual feedback (ex-
pert modeling, self-modeling, or
a combination of both) more effec-
tive to enhance motor learning in
physical education than solely verbal
feedback?
3. Are the conditions of the analyzed
studies comparable to those in regular
school lessons?
Methods
A systematic search was carried out be-
tween November 2019 and June 2020
using ERIC, SCOPUS, and Web of Sci-
ence (Web of Science Core Collection
and Medline) databases by the first au-
thor. Through the Education Research
Information Center (ERIC), the most
recent results for the terms “feedback”
and “motor learning” were determined
by means of a keyword search and their
content was examined for its thematic fit
based on key categories. According to
. Table 1, the categories Task, Modality,
Setting, and Population were hierarchi-
callydecisiveforthisfirstassessment. The
results were ranked in terms of their rel-
evance and the year of publication. This
was followed by screening the title, ab-
stract, and a review of the bibliography
for cross-references of the most relevant
studies, to identify additional keywords
andsynonymsaccordingtothecategories
in . Table 1, which formed the basis of
the search strings.
The same procedure was also ap-
plied to the other databases, so that
manuscripts pertinent to the research
question could be identified. In a final
step, the identified keywords were used
as search terms (. Table 2).
The search identified 11 studies in the
different databases for final considera-
tion in the review. . Figure 1 shows the
selection procedure. Some studies were
excluded for reasons such as topic (e.g.,
behavior, inclusion), subject (e.g., math-
ematics, physics), target group (e.g., chil-
drenwith disabilities, preservice teachers
only), or the methods used (e.g., tandem
teaching, collaborative learning).
All the studies were reviewed using
a three-step procedure, starting with the
title and abstract and, if the content was
suitable, continuing to read the full text.
In thefinal stage, the characteristics listed
in . Table 3 had to be included in the
studies. An additional researcher inde-
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While studies have indicated that visual
feedback promotes skill acquisition and
motor learning in controlled settings and
for various sports, less is known about its
feasibility in physical education, which
has specific needs and conditions. For this
reason, a systematic literature review was
conducted regarding video-based visual
feedback in physical education. Out of 2030
initially examined studies, 11 matched the
selection and quality criteria. The goal was
to determine whether visual feedback can
be effective regarding motor learning in
physical education in primary and secondary
schools, and to investigatewhether different
visual feedback variants (expert modeling
and self-modeling), supported by verbal
feedback, are more effective than verbal
feedback alone. Subsequently, the different
conditions (e.g., age, group size, duration) of
the included studieswere evaluated for their
suitability for everyday applications. Video-
based visual feedback seems to be effective
to enhance motor learning in physical
education and seems to be more effective
than solely verbal feedback. However, the
results show that the specific conditions
(class size, scheduled lessons, available time,
technical equipment, the digital literacy of
teachers, and data protection) of a school
environment must be considered before
implementing visual video feedback in daily
practice.
Keywords
Physical education · Visual feedback ·
Augmented feedback · Motor learning
pendently repeated the same process to
improve the reliability of the results. The
consistency in the selectionof studieswas
99.2%. Different views were discussed
and the final decision was made on the
basis of the inclusion criteria using the
full text.
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Table 2 Search strings
Database Results Search string (exported on 19 June 2020)
SCOPUS 733 (TITLE-ABS-KEY (′′physical education′′ OR ′′school sport*′′ OR ′′gymnastic education′′ OR ′′gymnastic instruction′′ OR
′′elementary school′′ OR ′′secondary school′′ OR ′′primary school′′ OR ′′high school′′ OR ′′middle school′′ ) AND TITLE-ABS-
KEY (′′sport* teacher′′ OR ′′gym teacher′′ OR ′′PE teacher′′ OR ′′physical education teacher′′ OR ′′student*′′ OR ′′pupil*′′
OR ′′children*′′ ) AND TITLE-ABS-KEY (′′feedback′′ OR ′′modelling′′ OR ′′modeling′′ OR ′′motor learning′′ ) AND TITLE-
ABS-KEY (′′video*′′ OR ′′tablet*′′ OR ′′videotape*′′ OR ′′mobile device*′′ OR ′′video analysis′′ OR ′′handheld device*′′ OR
′′observation′′ ) ) AND (LIMIT-TO (SRCTYPE , ′′j′′ ) ) AND (LIMIT-TO (LANGUAGE , ′′English′′ ) )
Web of
Science
405 (′′physical education′′ OR ′′school sport*′′ OR ′′gymnastic education′′ OR ′′gymnastic instruction′′ OR ′′elementary school′′
OR ′′secondary school′′ OR ′′primary school′′ OR ′′high school′′ OR ′′middle school′′) AND TOPIC: (′′sport* teacher′′
OR ′′gym teacher′′ OR ′′PE teacher′′ OR ′′physical education teacher′′ OR ′′student*′′ OR ′′pupil*′′ OR ′′children*′′)
AND TOPIC: (′′feedback′′ OR ′′modelling′′ OR ′′modeling′′ OR ′′motor learning′′) AND TOPIC: (′′video*′′ OR ′′tablet*′′
OR ′′videotape*′′ OR ′′mobile device*′′ OR ′′video analysis′′ OR ′′handheld device*′′ OR ′′observation′′)
Timespan: All years. Databases: WOS, MEDLINE, Search language= English
ERIC 890 NOFT(′′physical education′′ OR (′′school sport′′ OR ′′school sporting′′ OR ′′school sports′′) OR ′′gymnastic education′′
OR ′′gymnastic instruction′′ OR ′′elementary school′′ OR ′′secondary school′′ OR ′′primary school′′ OR ′′high school′′ OR
′′middle school′′) AND NOFT(′′sport* teacher′′ OR ′′gym teacher′′ OR ′′PE teacher′′ OR ′′physical education teacher′′ OR
′′student*′′ OR ′′pupil*′′ OR ′′children*′′) AND NOFT(′′feedback′′ OR ′′modelling′′ OR ′′modeling′′ OR ′′motor learning′′)
AND NOFT(′′video*′′ OR ′′tablet*′′ OR ′′videotape*′′ OR (′′mobile device′′ OR ′′mobile devices′′) OR ′′video analysis′′ OR
(′′handheld device′′ OR ′′handheld devices′′) OR ′′observation′′)
Peer-reviewed journal articles, English




Did the examination take place in a school context?
The review ruled out studies in associations or in university environments
(B)
Operator
Was the person giving the feedback skilled and able to correct the students appropri-
ately?





Were the experimental and control groups made up of students?
Due to the fact that, in various countries, the highest level of school educationmay





Did the learners receive visual feedback by observing their own movement perfor-
mance?
Whether the visual feedback showed only learners, or a comparison between their
own and expert execution, was irrelevant for the selection
(E)
Modality
Was the visual feedback delivered via a smartphone, tablet, laptop, or video camera?
Results
The following section provides an
overview of the studies found using the
search strings and their relevant param-
eters. It contains research results from
1996–2020fromsevendifferentcountries
and educational systems. The learning
groups were different ages (9–15 years
old), had different performance back-
grounds (beginner and advanced) and
were faced with different types (open
and closed skills) of learning tasks. There
were also differences in feedback type
(instant and delayed) and augmented
feedback conditions (expert modeling,
self-modeling, verbal feedback, and their
derivatives).
. Table 5 gives a more detailed
overview of the extracted characteristics.
The systematic literature search identi-
fied 11 studies that met all the inclusion
criteria (. Table 3). A quality assess-
ment was conducted on these 11 studies
(. Table 4). This involved checking the
studies forsample size, controlgroup, and
type of data. Only peer-reviewed articles
published in English were considered.
These criteria were supplemented by an
assessment based on the PEDro Scale
(Maher, Sherrington, Herbert, Moseley,
& Elkins, 2003). Reliability was verified
by another researcher (96%). Another
researcher verified the assessments with
a reliability of 96%. Due to the school
setting, the organization of teaching in
classes and the different methodological
concepts, the studies had weaknesses,
especially regarding blinding and con-
cealed allocation.
The presentation of the results in
. Table 5 is based on the research ques-
tions. For clarity, the numbers of the
studies are given instead of the author(s)
name(s) in the following. Studies are
numbered according their publication
dates, startingwiththemostrecent. Since
the oldest study worked with different
age groups (third and fifth graders) who
learned different skills (an overhead pass
in basketball and a forehand stroke in
tennis), the results will be discussed as
11a and 11b, but still treated as a single
study.
Effectiveness of visual feedback in
physical education
To answer the first research question (“Is
visual feedback effective to enhance mo-
tor learning in physical education?”), the
results regarding different types of video
feedback (visual/verbal feedback and ex-
pert modeling/self-modeling) were ana-
lyzed. All included studies had at least
1 study group that received visual feed-
back based on a video of their ownmove-
ment performance. In ten studies, this
visual feedbackwas supportedwith addi-
tional verbal feedback from the teacher,
which was based on the main errors and
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Fig. 18 Identification of included studies based onMoher, Liberati, Tetzlaff, andAltman (2009)
key points (1, 2, 3, 4, 5, 6, 8, 9, 10, 11a,
11b).
Two studies even videoed the move-
ments insuchawaythat itwaspossible for
the students to see their movement exe-
cution in direct comparisonwith an ideal
movement execution (4, 8). One study
used a different approach, with the stu-
dents correcting their own execution by
using key points on an observation sheet
and, thus, assessing their own execution
with regard to strengths and weaknesses
(7). For ease of reading in the follow-
ing, visual feedback consistently includes
a verbal feedback component, unless oth-
erwise noted, and thus follows the meta-
analysis by Rhoads et al. (2014) on visual
feedback in terminology.
The use of video feedback scenarios,
which included both expert modeling
and self-modeling, led to significant im-
provements in nine studies (1, 2, 3, 4, 5,
6, 8, 9, 10). In addition, one study sup-
ported these findings with focus groups
interviews with children and the chil-
dren’s skill self-assessments (7). Another
study reported improvements with the
use of a qualitative assessment checklist
(11a, 11b).
Four studies aimed to compare ex-
pert- and self-modeling (4, 8, 9, 10). In
two of those studies, participants were
able to improve their learning group’s
skills in volleyball using expertmodeling
more effectively than by self-modeling
(9, 10). Another study found compara-
ble improvements in learning to receive
and pass the ball in volleyball across all
study groups, through verbal feedback,
expert modeling with verbal feedback,
and expertmodeling combinedwith self-
modeling and verbal feedback (8). Em-
ploying a slightly larger sample size and
a comparable study design, one study
found advantages over verbal feedback
forbothpresented feedbackscenarios (4);
however, in this study, expert modeling
combined with self-modeling and verbal
feedbackresulted inbetter scores thanex-
pert modeling with verbal feedback (4).
Visual feedback versus verbal
feedback
To answer to the second research ques-
tion, a comparison between visual feed-
back (expertmodeling, self-modeling, or
a combination of both) and verbal feed-
back was conducted. Eight studies using
video feedback based on self-modeling
made direct comparisons with control
groups that received only verbal feed-
back (1, 2, 3, 4, 5, 6, 8, 11a, 11b).
One study examined third and fifth
graders in terms of peer, teacher, and
video feedback (self-modeling). They
found that the effects for the video feed-
back group were more positive for the
fifth graders who learned the forehand
stroke in tennis (11b). The third-grade
students achieved the best results with
verbal feedback regarding basic techni-
cal skills in basketball (11a). With the
exceptionof these third graders (11a) and
one verbal control group (8), self-model-
ing as form of visual feedback was shown
to be superior to only verbal feedback in
seven of the studies (1, 2, 3, 4, 5, 6, 11b).
Conditions in physical education
To address whether the conditions of the
studies were comparable to those in reg-
ular school lessons, the results relating to
the various conditions to be expected in
a school setting (e.g., the type of sports,
skill levels, age groups) will be presented
German Journal of Exercise and Sport Research
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Table 4 Quality criteria








(1) Nowels and Hewit, 2018 22 (2) Yes Yes Yes No Quantitative 4
(2) Potdevin et al., 2018 43 (2) Yes Yes Yes No Quantitative 5
(3) Kretschmann, 2017 31 (2) Yes Yes Yes No Quantitative
Qualitative
6
(4) Barzouka et al., 2015 63 (3) Yes Yes Yes Yes Quantitative
Qualitative
5
(5) Palao, Hastie, Guerrero Cruz, & Or-
tega, 2015
60 (3) Yes Yes Yes No Quantitative
Qualitative
5
(6) Harvey and Gittins, 2014 34 (3) Yes Yes Yes Yes Quantitative 5
(7) O’Loughlin, Chróinín, & O’Grady,
2013
22 (1) No Yes Yes No Qualitative 3
(8) Barzouka, Bergeles, & Hatziharistos,
2007
53 (3) Yes Yes Yes Yes Quantitative 6
(9) Zetou, Tzetzis, Vernadakis, &
Kioumourtzoglou, 2002
116 (2) No Yes Yes Yes Quantitative 6
(10) Zetou, Fragouli, & Tzetzis, 1999 58 (2) No Yes Yes Yes Quantitative 6
(11a) Boyce, Markos, Jenkins, & Loftus,
1996
51 (3) Yes Yes Yes No Quantitative 4
(11b) Boyce et al., 1996 51 (3) Yes Yes Yes No Quantitative 5
The PEDro scale was used to assess the quality of each study, following Maher et al. (2003). Studies were examined for their respective compliance with ten
specific criteria (random assignment, concealed assignment, groups similar at baseline, blinding of subjects, blinding of therapists, blinding of investigators,
less than 15% dropouts, intention-to-treat analysis, statistical comparisons between groups, point measures, and variability data), resulting in a total PEDro
score (range= 0–10 points)
in the following section. The studies in-
cluded in this review differed with re-
gard to the types of sports that were ex-
amined. Team sports—volleyball (4, 8,
9, 10), basketball (7, 11a), and football
(6)—were analyzed in seven studies, and
solo sports—athletics (5), swimming (3),
tennis(11b), andgymnastics(1, 2)—were
investigated in four studies.
The age of participants ranged from 9
(7) to 15 years (4, 5, 8), while 3 studies
provided no age information (1, 3, 11a,
11b). The duration (30–120min) and
length (1–16 sessions) of the interven-
tions also varied between studies, and the
selection of skills to be learned empha-
sized discipline-specific technical skills,




skills as extremes on a ten-point scale.
While closed skills are characterized by
a high degree of repeatability under con-
stant conditions, open skills, on the other
hand, are to some extent dependent on
their environment, for example a player.
Based on this classification, open (4, 6,
8, 11a, 11b), closed (1, 2, 3, 5), and com-
binations of both types of skills (7, 9, 10)
were represented in the studies.
In terms of the type of feedback, the
students received feedback directly after
their performance (1, 2, 3, 5, 6, 9, 10,
11a, 11b). In two studies, the teachers
used videos recorded in the previous les-
son due to the time-consuming editing
process (4, 8).
In total, 18 study groups of different
sizes received instruction via video feed-
back. Only 4 groups (9, 10) exceeded the
average class size of 23 students in coun-
tries of the Organisation for Economic
Co-operation andDevelopment (OECD,
2020). The range of sizes in the groups
that received verbal feedback varied less,
but reached the specifiedOECDclass size
only once (2).
Discussion
The systematic review was conducted to
investigate theuseofvariousvisuallyaug-
mented feedback types in physical edu-
cation to determine the following: first,
whether visually augmented and multi-
modal feedback was effective in physi-
cal education; second, whether visually
augmented, multimodal feedback vari-
ants (expert modeling, self-modeling, or
a combination of both) were more ef-
fective to enhance motor learning than
verbally augmented feedback alone; and
third, whether the conditions of the in-
vestigations were comparable to those
found in regular school lessons.
Effectiveness of visual feedback in
physical education
Verbal feedbackisconsideredtobeanim-
portant instrument (Rhoads et al., 2014)
for improving motor learning. This can-
not be easily assumed for visual feedback;
however, the fact that the vast majority
of studies that used video feedback that
included both expert modeling and self-
modeling resulted insignificant improve-
ments supports the hypothesis that visual
feedbackmay be suitable to enhancemo-
tor learning in physical education.
This was not necessarily to be ex-
pected, since both skill levels (Bertram,
Marteniuk, & Guadagnoli, 2007; Rhoads
et al., 2014; Rothstein & Arnold, 1976)
andages (11a, 11b) canhave an impact on
the benefits of visual feedback. Experi-































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































enced and older learners generally obtain
greater benefits from it but, since the stu-
dents in the studies were beginners with
regard to the skills to be learned, these
differences may have been less relevant.
The comparison of different visual
feedback methods not only indicated
a general benefit of visual feedback,
but also suggested that expert modeling
could be more effective in physical edu-
cation. Four studies in which the expert
modelingwas comparedwith another vi-
sual feedback method give indications of
this. Two studies achieved better results
with expert modeling than with self-
modeling (9, 10). Assessing one’s own
movements (self-modeling) generated
even greater performance benefits (4)
and was possibly enhanced by instant,
rather thandelayed, feedback (minutes to
days; 4, 8) (Rhoads et al., 2014). Never-
theless, this additional benefit could not
be conclusively confirmed (8). Students’
desire to perform like experts could have
been the reason for this improvement,
but the process of self-modeling does
not incorporate this desire and therefore
may not motivate the students in the
same way (9, 10).
An experienced model is ideal for
expert modeling (Lirgg & Feltz, 1991),
but a learning model can also be helpful
(McCullagh & Meyer, 1997). Resulting
movement representations can help indi-
viduals to identify coordination patterns
and thus improve their own movements
(Magill & Schoenfelder-Zohdi, 1996).
Another explanation may be that dif-
ferences in the way verbal feedback is
given can also affect motivation, while
expert modeling focuses on the execu-
tion of the skills, self-modeling focuses
on errors. Furthermore, the studies
concluded that the integration of expert
models in physical education is a time-
saving way of providing visual feedback
(9); the additional integration of self-
modeling was time-consuming (4), but
could possibly be enhanced by mobile
devices in the future.
In summary, it must be noted that
most of these changes in performance
only covered a period of several weeks.
Retention tests, regarded as central by
Winstein and Schmidt (1990), made
German Journal of Exercise and Sport Research
some study results (4, 6, 8, 9, 10) more
meaningful.
Visual feedback versus verbal
feedback
Several studies provided indications that
visual feedback variants (expert model-
ing, self-modeling, or a combination of
both) were more effective than verbally
augmented feedback alone.
Seven studies (1, 2, 3, 4, 5, 6, 11b)
achievedbetter results forvisual thanver-
bal feedback groups. The reasons for this
could be improved visualization, unique
information, recognition of errors (Er-
baugh, 1985), and the conscious control
of attention, which enabled the simulta-
neous visualization of self-modeling and
expert modeling (4). Overall, the review
results corresponded to those of Rhoads
et al. (2014), whose meta-analysis found
small positive effects for visual feedback
in motor learning.
Nevertheless, some studies concluded
that visual feedback is not superior to
verbal feedback (8, 11a). Younger stu-
dents with less movement experience
(11a) benefited less from visual feedback
than older students (11b). It may have
been more difficult for younger students
than older ones to develop cognitive
representations, as discussed by Carroll
and Bandura (1990), in order to benefit
from visual feedback. Verbal feedback
seems to be the method of choice for
students undergoing the early learning
process (Kernodle et al., 2001).
A question remained about the degree
of verbal support to be used in combi-
nation with visual feedback. Verbal cues
play an important role in influencing the
situational interests of students receiving
visual feedback (Roure et al., 2019), and
may be a key factor in making visual
information useful.
There is evidence that self-modeling
without verbal feedback may be ineffec-
tive (Rucci & Tomporowski, 2010). Al-
though Kok et al. (2020) did not confirm
these results, a video model for lessons,
and the use of cue cards, provided an
opportunity for students to identify their
ownmistakes, whichmay have enhanced
the verbal feedback. Assuming that error
identification is more likely to be possi-
ble for advanced or more experienced
learners (Schmidt & Walter, 1984), this
could explain the advantages of learning
compared to beginners and very young
learners.
Conditions in physical education
When comparing the conditions of the
available studies with those of a typi-
cal school environment, some of them
were likely to correspond (in terms of
the type of sports and skills, skill lev-
els, age groups, durations, and length
of interventions), while others (in terms
of group size, technical equipment, and
digital literacy) could only be assessed in
a limited way.
Comparable conditions
Sport types, with the exception of ten-
nis, were oriented toward a wide range
of school-related fields. For motiva-
tional reasons, it seemed to be irrelevant
whether visual feedback was given for
individual sports or team sports (Rhoads
et al., 2014). Differences in skill levels
reflected the range of school diversity,
and the ages of the students, if reported,
were typical for primary and secondary
education. The fact that only 1 ses-
sion (2) out of 8 studies provided data
for sessions lasting longer than 55min
suggested that this time frame would
be adequate in everyday practice for
performing video analysis in scheduled
lessons (4, 5, 6, 8,9, 10,11a, 11b).
Despite the time-consuming process
of video analysis, good results can be
achieved in a short time (30min with
16–18 students) (11a, 11b) and in only
a few sessions (≤5) (Rhoads et al., 2014).
As a result, the number of feedback loops
may be less meaningful than originally
assumed. In addition, the use of mo-
bile devices could further accelerate the
feedback process in the future (1).
Divergent conditions
An OECD report (2020) offered an ideal
opportunity for comparison, since it
covered all the countries examined by
the selected studies. The average size of
classes at primary level (21 students) and
secondary level (23 students) differed
slightly; hence, based on this study’s
results, it was not possible to make any
reliable statements regarding the feasi-
bility of considering the group size for
the primary level, due to the values being
difficult to interpret.
For the secondary education level,
none of the video feedback groups
reached the average class size specified
by the OECD, and some of them were
only half that size. This had implica-
tions for the validity of the studies for
implementing video feedback in daily
physical education. The investigated
studies did not allow conclusions to be
drawn regarding the feasibility of video
feedback in physical education for whole
secondary school classes.
Furthermore, the inconsistent use of
technology played an important role.
Recording and playback often occurred
separately (2, 4, 5, 6, 7, 8, 9, 10,11a, 11b).
Cameras were predominantly used for
recording (2, 4, 5, 6, 7, 8, 9, 10, 11a,
11b). Equipment used for playback were
laptops (2, 5, 6), monitors (4, 8, 9, 10) or
TVs (11a, 11b). Authors often reported
using multiple recording and or play-
back devices (4, 7, 8, 9, 10). This has
a time impact on preparation, execution,
and follow-up. Two studies (1, 3) ex-
clusively used a tablet, with applications
such as Dartfish, the Hudl technique,
or Coach’s Eye. They enabled time-
saving motion analysis through various
functions (freeze, zoom, overlay, slow
motion, and delay) and processing op-
tions. Kretschmann (2017) confirms the
suitability of motion analysis for tech-
nology-unfriendly environments such
as swimming pools (3). The use of such
applications could eliminate the need
for extensive technical equipment and
complex video editing (4, 8) and increase
the informative value with respect to the
technical conditions. In this context, it
is important to consider data protection,
which applies to the handling of videos
of students’ performance.
The use of mobile devices necessitates
having teachers with digital literacy who
are familiar with the usage of the de-
vices. A lack of technical understand-
ing can influence the use of visual feed-
back delivered through mobile devices
(5), and computer literacy would prob-
ably influence the use of technology in
German Journal of Exercise and Sport Research
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physical education (3). Many teachers
are unfamiliar with the use of technology
(Schmid, Goertz, & Behrens, 2017) and
visual feedback (Kretschmann, 2015).
Despite the increasing importance
of digitization (especially during a pan-
demic), many schools even in indus-
trialized countries are under-equipped
in terms of digital infrastructure, and
many teachers lack digital competence
(Schuknecht & Schleicher, 2020). While
technical deficits in the course of digi-
tization could be overcome in the near
future, teacher training already requires
a well-elaborated concept for teaching
digital skills.
Limitations
This review is the first to systemati-
cally examine visual feedback methods
in physical education and therefore
extends existing knowledge with new
findings. However, the review was lim-
ited by the small number of available
research studies. In addition, in some
cases missing data made a systematic
evaluation difficult. There was also a lack
of information regarding students under
9 years and above 15 years of age. Due to
the small number of studies conducted
for each age group it was difficult to draw
conclusions for certain age groups. Only
further findings from investigations in
primary and secondary schools could
allow definite conclusions to be drawn
about the effectiveness of visual feedback
in daily physical education. This is likely
to be of particular interest, since periods
before puberty may be especially benefi-
cial for motor learning (Hirtz & Starosta,
2002), even if other perspectives exist
(Solum, Lorås, & Pedersen, 2020).
In addition, less than half of the stud-
ies performed retention tests, so it was
not clear to what extent improvements
could be maintained. High-quality stud-
ies (e.g., Maher et al., 2003) with ap-
propriate test procedures such as early
retention tests, retention tests, and possi-
bly also transfer tests for thedevelopment
andmaintenance of learning progress, as
used in other studies (Krause, Buckwitz,
& Olivier, 2010; Stöckel, Hartmann, &
Weigelt, 2007), are required in the future
to confirm the suitability of the methods
discussed over time.
At this point, it should be pointed
out that the data come from different
educational systems, so that differences
in the conception, designandpurposesof
physical education may have influenced
the results.
Conclusion
Self-modeling and expert modeling that
provide visual feedback in physical edu-
cation seem to have the potential to im-
prove students’ motor performance. The
presented evidence suggested that visual
feedback methods seem to be more ef-
fective than verbal feedback in physical
education, possibly due to improved vi-
sualization, unique information, and the
recognition of errors.
Heterogeneity as well as the motiva-
tional elements caused by the institu-
tional settings of schools seem to have
less influence on the learning progress,
and may be enhanced in physical edu-
cation compared to sports settings since
the tendency to favor visual feedback is
also evident in extracurricular sports.
Different influencing factors, such as
the size of classes, the time available for
giving feedback, the length of scheduled
lessons, the available technical equip-
ment, the digital literacy of teachers, and
data protection requirements prevent re-
liable statements being made about the
feasibilityofvisual feedback indailyprac-
tice. However, technical developments
may help to mitigate the time-consum-
ing nature of the feedback process and
increase the practicability of implement-
ing visual feedback in whole classes. The
problem of poor digital literacy could be
addressed by training qualified teachers
and by taking digital literacy into account
in the training of new teachers.
Future research is needed to evaluate
the different methodological approaches
with representative sample sizes, espe-
cially in elementary school contexts. In
particular, the delivery of combined self-
and expertmodeling throughmobile de-
vices may be promising, especially if ex-
pertmodeling is used for instructionand,
later, for the superpositioning of one’s
own and the target movement.
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